Summary. The ability of testicular steroids to maintain the quantitative aspects of spermatogenesis was compared with reference to their androgenic properties. Hypophysectomized rats were injected daily with 0\m=.\2 mg progesterone, 20\ g=a\ \ x=r eq-\ dihydroprogesterone, 3\g=b\-hydroxy-5\g=a\-pregnan-20-one, testosterone or testosterone propionate for 30 days beginning 2 days after the operation. Testosterone propionate was the most potent steroid tested both in terms of its peripheral androgenic effects and its ability to prevent the post-operative decline in the weight of the testis and seminiferous tubules and the numbers of germ cells throughout their differentiation. The natural androgen, testosterone, exhibited weak gametogenic properties and only partly maintained the normal measures of spermatogenesis. Progesterone exhibited low intrinsic androgenic potency yet was significantly more effective than testosterone in maintaining spermatogenesis; it prevented the degeneration of spermatocytes during the later stages of meiotic prophase and the reduction divisions resulting in an increased yield of step 7 spermatids. Low androgenic and gametogenic properties were exhibited by 20\g=a\-dihydroprogesterone and 3\g=b\-hydroxy-5\g=a\-pregnan-20-one. These results may indicate that testosterone produced locally in the seminiferous tubules from progesterone is more effective in maintaining spermatogenesis than androgens entering from the circulation. Alternatively, progesterone may act more directly on the germ cells than previously envisaged.
Introduction
The seminiferous tubules share with the interstitial tissue the ability to convert progesterone to testosterone. While the level of production of testosterone by the seminiferous tubules is comparatively low it may help to provide the local concentration of androgens necessary for spermatogenesis (Bell, Vinson & Lacy, 1971; Tsang, Collins & Lacy, 1973a; Tsang, Lacy & Collins, 1973b; Collins & Lacy, 1974; Tcholakian & Steinberger, 1978) . In the seminiferous tubules, progesterone can also act as a common substrate for the formation of a series of hydroxylated and/or reduced C21 steroids (Bell et al, 1971) . Studies with seminiferous tubules isolated from the testis of developing and sterilized rats show that the level of activity of the 5a-reductase and 20a-hydroxysteroid dehydrogenase involved in the formation of these compounds is related to the level of spermatogenic function. The steroid 3ß-hydroxy-5a-pregnan-20-one is a principal metabolite in incubations with tubules from developing or spermatogenically active testis, while 20a-dihydroprogesterone is formed in large amounts in regressed tubules (Tsang et al, 1973a, b; Collins & Lacy, 1974; Collins & Tsang, 1979) . The ability of testosterone to maintain spermato¬ genesis has been extensively investigated (see Steinberger, 1971 , for review). The possible role of other steroids which characterize the pattern of steroid metabolism in the seminiferous tubules has received little attention although it is known that C21 steroids may possess gametogenic properties (Harris & Bartke, 1975;  Steinberger, Chowdhury, Tcholakian & Roll, 1975) . The present work evaluates the ability of progesterone, 20a-dihydroprogesterone and 3ß-hydroxy-5a-pregnan- 20-one (Clermont & Morgentaler, 1955) . The number of Sertoli cell nuclei, type A spermatogonia, preleptotene, and mid-pachytene spermatocytes, and step 7 spermatids were counted in 20 circular cross-sections (largest and shortest diameters within 10%) of tubules in stage VII of the cycle of the seminiferous epithelium (Clermont & Harvey, 1967; Sivelle, McNeilly & Collins, 1978) . Germ cell counts were corrected for differences in their nuclear diameters (Abercrombie, 1946) and for tubule shrinkage by reference to the number of Sertoli cells in intact control as compared to experimental groups (Clermont & Morgentaler, 1955) .
Peripheral androgenic effects. The chronic effects of hormone therapy on peripheral androgen levels were indirectly assessed by reference to the accessory sex organ weights, secretory content of the seminal vesicles and fructose concentrations in the coagulating glands determined by a colorimetrie method (Mann, Davies & Humphrey, 1949) . Plasma testosterone was measured directly by radioimmunoassay using a previously validated (Collins, Collins, McNeilly & Tsang, 1978) liquid-phase system with a tritiated antigen and a specific antiserum to testosterone-7a-carboxymethyl-thioether-bovine serum albumin (Miles-Yeda Ltd, Elkhart, IN). The antiserum cross-reacted with testosterone propionate (003%), progesterone (0007%), 20a-dihydroprogesterone (0-003%) and 3ß-hydroxy-5a-pregnan-20-one (0001%) when measured at the level of 50% of total binding. The minimum concentration of testosterone which gave significantly lower ( < 0-05) binding than zero amounts of competing steroid (sensitivity) was 6-25 pg/tube. The intra-assay coefficient of variation of a plasma sample with a mean concentration of 4-8 ± 0-1 (s.e.m.) ng/ml measured 8 times in the same assay was 5-7%. The inter-assay coefficient of variation of a plasma sample measured in 7 separate assays at a mean concentration of 9-6 + 0-2 (s.e.m.) ng/ml was 5-9%.
Results
Body, testis and testicular component weights (Table 1) Hypophysectomy resulted in a severe suppression of growth which was not affected by steroid therapy. The final body weight in all hypophysectomized groups was approximately 50% ofthat of the intact controls. In untreated hypophysectomized animals the weights of the seminiferous tubules were less than 20% of the normal value. Testis and tubule weights in relation to the intact control values were 55 and 62% respectively, in the testosterone propionate-treated animals and 38 and 36% respectively in those treated with testosterone. Treatment with 20a-dihydroprogesterone and 3ß-hydroxy-5a-pregnan-20-one produced barely detectable increases in testis and tubule weights. A minimal (20a-dihydroprogesterone, 3ß-hydroxy-5a-pregnan-20-one), small (pro¬ gesterone and testosterone) or moderate (testosterone propionate) increase in the weight of interstitial tissue was noted in steroid-treated animals. value. There was very slight or no stimulation of the accessory sex organs with 3ß-hydroxy5a-pregnan-20-one and 20a-dihydroprogesterone.
Cell counts (Table 3) Hypophysectomy resulted in a significant reduction in the number of each germ cell type. Administration of testosterone propionate restored the germ cell population to close to normal levels. Animals receiving testosterone and progesterone showed a significant increase in the number of pachytene spermatocytes and step 7 spermatids. The quantitative change in both cell types was significantly greater in the progesterone as compared to the testosterone-treated group. Administration of 3ß-hydroxy-5a-pregnan-20-one and 20a-dihydroprogesterone had no effect on germ cell numbers. The number of Sertoli cells per tubule cross-section was significantly increased over intact control values in hypophysectomized animals receiving no steroid, 3ß-hydroxy-5a-pregnan-20-one or 20a-dihydroprogesterone. Sertoli cell numbers were restored by injections of testosterone propionate, testosterone or progesterone. (Table 2 ). In the testosterone-and testosterone propionate-treated animals, plasma testosterone was enormously elevated to 228 and 41 times that of intact control values respectively. Administra¬ tion of progesterone failed to restore normal peripheral testosterone levels. Testosterone con¬ centrations remained close to the values in hypophysectomized animals in those treated with 3ß-hydroxy-5a-pregnan-20-one and 20a-dihydroprogesterone. The fructose content of the coagulating glands was below the limits of detectability in the hypophysectomized controls and in animals receiving progesterone, 3ß-hydroxy-5a-pregnan-20-one or 20a-dihydroprogesterone (Table 2) . Fructose concentrations^g /gland) were restored to normal levels by testosterone and were significantly increased by testosterone propionate.
Discussion
The role of exogenous androgens in the regulation of spermatogenesis has been evaluated progres¬ sively over the past 50 years. Early experiments using extracts of male sex hormone (Walsh, Cuyler & McCullagh, 1934; Nelson & Gallagher, 1936) and later crystalline androgens (Nelson, 1937) demonstrated that spermatogenesis could be maintained in hypophysectomized adult animals if therapy was begun shortly after the operation. With the development of testosterone propionate for clinical use this synthetic steroid has been widely used as a reference androgen (Cutuly, Cutuly & McCullagh, 1938; Cutuly, 1942; Leathern, 1944; Bocca bella, 1963) . Testosterone propionate rather than testosterone appears to have been used in all quantitative assessments of the role of the testicular hormone in germ cell development and in numerical comparisons of the relative effective¬ ness of other steroids (Clermont & Harvey, 1967; Harris & Bartke, 1975; Chowdhury, 1979; Chowdhury & Tcholakian, 1979) . Testosterone propionate pro¬ ved to be the most potent steroid tested both in terms of its peripheral androgenic properties and its ability to maintain germ cell numbers. In accordance with previous reports replacement therapy with testosterone propionate at a dose level which excessively stimulated the accessory sex organs (Table 2) maintained the numbers of different germ cell types close to normal values (Table 1) . In contrast, the natural steroid testosterone exhibited weak gametogenic properties at a dose level which enormously elevated circulating concentrations of the hormone and maintained the accessory organs at or above their normal weight and secretory condition (Table 2) . Testosterone only partly prevented the post-operative decline in the weight of the testis and seminiferous tubules, and in the numbers of pachytene and step 7 spermatids. Each of these indicators of spermatogenic function was 60-70% below control values (Tables 1 and 3 ). The present work is, to our knowl¬ edge, the first quantitative determination of the ability of the natural androgen, testosterone, to maintain the germ cell population of the testis. Progesterone was the most potent of the natural steroids tested and proved significantly more effective than testosterone in maintaining the weights of the seminiferous tubules and testis (Table 3) . Progesterone was particularly effective in sustain¬ ing the development of the pachytene spermatocytes through the remaining stages of meiotic prophase and the reduction divisions. The gametogenic potency of progesterone was comparable to testosterone propionate during this period of spermatogenesis and both steroids maintained the ratio of pachytene spermatocytes to step 7 spermatids close to the theoretical maximum value of 1:4 (Table 1) . Circulating concentrations of testosterone in the progesterone-treated group were negligible compared with animals receiving an equivalent amount of testosterone (0-31%) and the seminal vesicles and prostate were barely stimulated above those of hypophysectomized control animals ( Table 2 ). The increase in weight of the epididymis in progesterone-treated animals was due partly to the accumulation of large numbers of spermatozoa in the cauda and caput regions of this organ. The steroids 20a-dihydroprogesterone and 3ß-hydroxy-5a-pregnan-20-one exhibited no gametogenic activity and very weak androgenic potency (Tables 1, 2 and 3 ). The gametogenic properties of C2i steroids which are intermediates in testosterone biosynthesis but have low intrin¬ sic androgenic activity have been attributed to their bioconversion to androgens (Harris & Bartke, 1975; Steinberger et al, 1975) . The site of this conversion is unresolved. In confirmation of previous observations (Harris & Bartke, 1975; Steinberger et al, 1975) there appeared to be little peripheral formation of androgens as evidenced by the atrophie condition of the accessory sex organs and the low circulating concentrations of testosterone in animals receiving C21 steroids ( Table 2 ). The administration of C21 steroids increases the concentration of testosterone in the rete testis fluid (Harris & Bartke, 1975) and testicular tissue (Parvinen, Hurme & Niemi, 1970; Steinberger et al, 1975) , suggesting that these precursors may be metabolized to testosterone within the testis. In intact animals the Leydig cells are the principal site of circulating androgens and significant amounts of testosterone may be channelled directly from the interstitium to the seminiferous tubules (Müller, 1957; Fawcett, Heidger & Leak, 1969 (Nelson, 1937; Cutuly et al, 1938; Taché, Selye, Szabo & Taché, 1973; Harris & Bartke, 1975) . The present direct quantitative estimate shows that the interstitium atrophies to~25% of its normal weight after withdrawal of pituitary hormones (Table 3 ). There was a small to moderate increase in the amount of interstitial tissue recovered from steroid-treated animals (Table 3 ). This increase appeared to be generally related to the androgenic potency of the administered compound and is presumably due to the direct stimulation of as yet unidentified cellular elements. The concentrations of testosterone in testicular venous blood (Harris & Bartke, 1975) and peripheral plasma (Harris & Bartke, 1975;  (Parvinen et al, 1970; Cooper & Waites, 1975) and in-vitro studies indicate that the tubules are able to metabolize these compounds to testosterone (Christensen & Mason, 1965; Bell et al., 1971) . After surgical or chemical ablation of pituitary function, the activity of enzymes involved in androgen biosynthesis is markedly reduced (Lacy, Fyson, Collins, Tsang & Pettitt, 1973; Steinberger & Ficher, 1973) . However, it has been suggested that the seminiferous tubules of hypophysectomized rats, when provided with precursor steroids, may be able to provide sufficient local concentrations of androgens for spermatogenesis (Harris & Bartke, 1975) . The concept of intratesticular conversion of exogenous steroids to androgens was developed to explain the approximately equivalent or inferior effects of C21 steroids when com¬ pared to testosterone propionate (Harris & Bartke, 1975; Steinberger et al, 1975) . This hypothesis requires qualification to explain the present demonstration of the superior gametogenic effects of progesterone as compared to testosterone. The relative gametogenic potency of these two steroids does not seem to be due to differences in their rate of uptake by the seminiferous tubules. In fact the data of Cooper & Waites (1975) indicate that testosterone enters the tubules from the circulation more rapidly than progesterone. If the maintenance of spermatogenesis by progesterone is due to its conversion to testosterone in the testis, then a possible explanation for the greater gametogenic potency of progesterone compared to testosterone is that androgens produced locally, possibly as a physiological function of the seminiferous tubules, are more effective than those entering via the circulation. Nevertheless, the weak gametogenic properties of testosterone relative to less potent androgens which are not precursors in testosterone biosynthesis cannot be readily explained in these terms (Nelson, 1937; Nelson & Gallagher, 1936) . These classical studies remain an enigma in the context of current concepts of the androgen dependence of spermatogenesis. An alternative explanation for the greater relative gametogenic potency of progesterone is that this steroid is able to maintain the germinal epithelium of hypophysectomized rats more directly than previously envisaged (Collins & Tsang, 1979) .
